Summary.
The epitheloid modified walls of helicine arteries are built of tightly arranged specialized smooth muscle cells (epitheloid cells). They are polygonal in shape, but do not branch out. The number of myofilaments is markedly reduced, whereas cell organelles are well developed (mitochondria, Golgi regions, rough endoplasmic reticulum). Myofilaments are gathered to bundles with no orientation as to their direction. Regular dense patches and attachment zones do occur. The cell surface is provided with caveolae (surface vesicles) and a basal lamina.
Where epitheloid cells are joined together, they share a single basal lamina in common.
In circumscribed regions basal lamina material Epitheloid modified smooth muscle cells have attracted particular attention in fine structural studies of various types of arterio-venous anastomoses, such as HoyerGrosser's organs, glomerula caudalia, and coccygeal bodies. In addition, cells looking epitheloid in the light microscope have been studied also in other regions of the vascular system, e.g., at the branching sites of arteries, in intraarterial cushions, in the renal portal valve of birds, and in the juxtaglomerular apparatus (for references see Table 1 ). These observations have shown that vascular epitheloid cells do not represent a uniform cell population.
Their fine structure seems to depend essentially on species, organ, and age, of the animals under investigation.
Helicine arteries in corpora cavernosa are also suitable for study of a particular type of vascular epitheloid cells. Fine structural datails have been recently reported by FUJIMOTO and TAKESHIGE (1975) , who investigated the arteries in the corpora cavernosa penis of rabbits. The aim of the present paper is to compare their findings with our observations on helicine arteries in mice.
Furthermore, additional data concerning the innervation and histochemistry of helicine arteries are presented.
Material and Methods
Adult male Swiss mice, about three months old, were used in this study. The animals were anesthetized with ether and processed as follows:
a. Fluorescence histochemistry of adrenergic axons. The corpora cavernosa penis were quickly removed from untreated animals and quenched in isopentane, cooled with liquid nitrogen.
According to the preparation scheme of HEENE (1968), freezecence microscope equipped with a HBO 200 high-pressure mercury lamp, a Schott BG 12 excitor filter and a 490nm barrier filter. b. Histochemical methods. Serial fresh frozen sections were thawed onto coverslips and fixed in ice cold formaldehyde-CaCl2 (6% paraformaldehyde, 1% CaCl2) for 30min.
Incubations were carried out to demonstrate (1) unspecific alkaline phosphatase activity (GOMORI, 1952) ; (2) 5'-nucleotidase activity (KLAUSHOFER et al., 1974) ; (3) adenosine triphosphatase activity (WACHSTEIN and MEISEL, 1957) ; and (4) the periodic acid-Schiff method (PEARSE, 1968) . c. Electron microscopy. The animals were perfused with 3% glutaraldehyde, buffered with sodium cacodylate to pH 7.2, from the left ventricle for 5min. After this, the corpora cavernosa penis were dissected out, reduced with razor blades to 1mm thick slices and immerged into the same fixative for an additional hour. Thereafter, the specimens were washed in appropriate buffer, postfiixed for 1hr in 2% OsO4 (unbuffered), dehydrated in a series of graded ethanols and embedded in Araldite. Semithin and thin sections were cut on a Reichert OmU2 ultramicrotome.
Thin sections were stained with alkaline lead citrate and methanolic uranyl acetate and studied in a Siemens EM 101A electron microscope.
Results

Fluorescence histochemistry
Helicine arteries in the mouse corpus cavernosum penis are provided with a dense network of strongly fluorescent adrenergic fibers. These fibers predominantly run circularly, as seen in consecutive or tangential sections. They are located at the medio-adventitial border of the helicine arteries, and were never seen to enter the tunica media. An autofluorescent internal elastic lamella is absent (Fig. 1) .
Fluorescent adrenergic fibres are also seen to supply the bundles of smooth muscle cells in the trabeculae of the cavernous tissue. These fibres, however, are less fluorescent and more loosely arranged as compared with the nerves in the helicine arteries (Fig. 1 ).
Enzyme histochemistry
Unspecific alkaline phosphatase activity. A strong positive reaction is seen in the endothelial layer of helicine arteries, whereas the endothelial cells covering the cavernous spaces and in the deep supplying arteries remain completely unreactive. Thus, the endothelial lining of helicine arteries behaves like capillaries in the ischiocavernous and bulbocavernous muscle. A faint positive reaction is also seen at the surface of smooth muscle cells in the trabeculae, which is not the case with vascular smooth muscles or epitheloid cells (Fig. 2) . Connective tissue cells in the adventitial layer of the vessels are also strongly reactive. Endothelial cells of deep arteries, helicine arteries, and cavernous spaces, are found as reactive as those in capillaries of the neighboring skeletal muscle (Fig. 3) .
5'-Nucleotidase activity. Vascular smooth muscle cells and epitheloid cells remain free of reaction product. In contrast, smooth muscle cells in the trabeculae of the cavernous tissue are outlined with lead deposits. A faint reaction is observed in the endothelium of deep arteries, but not in helicine arteries, or in the endothelium of the cavernous spaces (Fig. 4) .
Electron microscopy
Helicine arteries are easily identified in semithin sections of Araldite-embedded material.
Their relatively thick walls are composed of 3-5 layers of modified smooth muscle cells, "epitheloid cells" (cf. CLARA, 1922 CLARA, , 1956 ). These cells are of polygonal shape. Their nuclei are round or oval, the nucleo-cytoplasmic ratio being relatively high.
The loose texture of the nuclear chromatin is striking. It differs clearly from the dense chromatin seen in nuclei of endothelial cells. Though perfusion fixation had been attempted and the cavernous spaces were found free of erythrocytes, the lumina of the helicine arteries are mainly closed (Fig. 5) .
It becomes clear in the electron microscope that the epitheloid zone of the vascular wall consists of modified smooth muscle cells which are provided with only a few bundles of myofilaments.
Some of these cells are elongated; an inner longitudinal as well as an outer circular layer can be discerned. All of these modified smooth muscle cells are tightly joined together, sometimes interdigitating with small cytoplasmic processes (Fig. 6 ). Cell membranes of neighboring cells smoothly run paralboth cells share in common (Fig. 7, 8 ). Over wide areas this interposed basal lamina, however, is also missing.
In such a case the cell membranes approach each other extracellular space is reduced to a minimum in the epitheloid modified vascular wall of helicine arteries. Thus the term "epitheloid" describes the situation exactly. Epitheloid modified smooth muscle cells border upon endothelial cells making contact with each other as described above. The membrane of endothelial cells and epitheloid cells adjoin over wide areas without an interposed basal lamina. In addition, regular focal myo-endothelial contacts are frequently seen (Fig. 8) . The outermost epitheloid cell behaves to the adventitial tissue like the outermost smooth muscle cell in normal arteries. Gap junctions (nexuses) between epitheloid cells were not identified in our material. Their presence, however, may possibly be revealed with appropriate techniques.
Collagen fibers or elastic material do not exist in the region of the tunica media.
A few faint collagen fibrils may be seen between the endothelial layer and the innermost epitheloid cell.
Cytology of epitheloid cells. The smooth-surfaced nuclei of epitheloid cells display an inconspicuous loose chromatin texture.
Nucleoli are only occasionally seen, Cytoplasmic organelles are gathered in the perinuclear region, especially near the poles of oval-shaped nuclei (Fig. 6) . Crista-type mitochondria with a well developed inner surface are numerous.
They contain few or even no mitochondrial granules.
Golgi regions are regularly observed, but there are no morphological signs for condensation and storage of secretion products. Spherical or rod-like dense granules which are interpreted as primary lysosomes also randomly distributed throughout the entire cytoplasm (Fig. 7) . Coated vesicles can regularly be observed near the Golgi apparatus.
Phagosomes, phagolysosomes, and residual bodies are never found.
Short profiles of rough endoplasmic reticulum are moderately distended and filled with faintly granular material (Fig. 8) . Profiles of smooth endoplasmic reticulum are less frequent.
Ribosomes are mainly gathered to polyribosomes. Their number increases with the decrease of myofilaments. Glycogen seems to be completely absent. This is consistent with light microscopic results after PAS staining.
Myofilaments of epitheloid cells are gathered to a few bundles which are not was not possible to discern two types of filaments. Dense patches can be found in the course of myofilament bundles, as seen in normal smooth muscle cells. At the cell surface, the bundles are embedded into a dense granular material which is attached to the membrane (attachment zones, Fig. 7 ). Surface vesicles (caveolae), an essential ultrastructural criterion of smooth muscle cells, are also present in epitheloid cells. They are excluded from the regions of attachment zones and from areas that no profiles of smooth endoplasmic reticulum in close spatial relation to surface vesicles are found. Microtubules are regularly seen in the cytoplasm of epitheloid cells (Fig. 7) .
Cytology of endothelial cells. The cytoplasm of endothelial cells seems to be dense when compared with the cytoplasm of epitheloid cells (Fig. 8) . The chromatin texture of their elongated nuclei is dense as well. The luminal surface of the endothelial lining is folded, with the lumen completely collapsed. The endothelial layer becomes ring cell organelles are present.
Cytoplasmic filaments and free ribosomes are considerably numerous and contribute to the dense appearance of these cells. Transport vesicles are relatively rare.
The endothelial layer and the adjacent epitheloid cell frequently share a single basal lamina. In circumscribed regions this basal lamina is absent and endothelial membranes of the two cell types do not contact in these regions. Membran contacts are found in focal myo-endothelial junctions which also exist (Fig. 8) . In contrast to the dense appearance of the endothelium in helicine arteries, endothelial cells outlining the cavernous spaces appear clear, their nuclei display loose chromatin (Fig.  9 ). These two types of endothelial cells are intermingled near the orifice of the helicine artery.
Innervation of helicine arteries. Nerve fibers and axon terminals are restricted to the adventitial layer.
A single Schwann cell envelopes several axons. They become partially or totally free when approaching the outermost epitheloid cell of an helicine artery. The basal lamina of the nerve fiber and that of the epitheloid cell fuse in the region of the closest apposition (Fig. 10) . Under these conditions the chondria (Fig. 10) . Though fluorescence microscopy has revealed the presence of an unusually high amount of adrenergic terminals, no small granulated vesicles were observed in axons supplying the helicine arteries.
Obviously this is due to inadequate fixation of their noradrenaline content and to the fact that no serial sections were examined.
According to BARAJAS and MULLER (1973) and to GORGAS (1977) , small dense cored vesicles can be found after glutaraldehyde/osmium tetroxide fixation within every adrenergic varicosity, if serial sections are studied. It must be assumed that a considerable number of axon terminals with clear vesicles described above are adrenergic in nature. A regular basal lamina is seen in the space between axolemma and the membrane of the epitheloid cell. SV surface vesicles (caveolae), AZ attachment zone.
Discussion
Apart from a few exceptions, our fine structural observations on helicine arteries in mice are in agreement with those of FUJIMOTO and TAKESHIGE (1975) who studied the structure of arteries in the rabbit penis: 1) We found no desmosome-like attachments between epitheloid cells; in addition, we refute the interpretation of these authors concerning the structure in their figure 13 indicated as "similar to a desmosome." 2) We do not agree with FUJIMOTO and TAKESHIGE'S interpretation of maculae adhaerentes between endothelial cells (c.f. their figure 5 ). 3) FUJIMOTO and TAKESHIGE (1975) report dense patches to be rare or even absent in epitheloid cells; dense patches are regularly present in our material, as shown in Figures 7, 8, 10 .
The amount of myofilaments in epitheloid cells varies: those epitheloid cells which are located more proximal in the helicine part of the artery are richer in myofilaments than the epitheloid cells which are located more distal (near the orifice of the artery).
Bundles of myofilaments seem to be oriented along the long axis of the cell when numerous, whereas any orientation is lost when becoming less dense. Thus a gradual morphological transformation from typical smooth muscle cells to epitheloid cells can be postulated, as already concluded from light microscopic observations (NONIDEZ, 1942) . It is noteworthy that the arrangement of smooth muscle cells in the wall of the deep arteries (inner longitudinal layer and outer circular layer) can be distinguished also in the proximal region of helicine arteries.
As a consequence the gradual cytological transformation of smooth muscle cells to epitheloid cells is paralleled by the transformation of the histological architecture of the vascular wall. A comparable organization of an epitheloid modified vascular wall has been reported by KONDO (1972) in glomerula caudalia.
The significance of the epitheloid, modified smooth muscle cells as well as that of the helicine arteries is not clear.
Concerning the number of myofilaments observed in the electron microscope, their ability to contract should be low (FUJIMOTO and TAKESHIGE, 1975) and consequently also their active regulation of blood inflow into the cavernous spaces. Additionally, the few bundles of myofilaments in epitheloid cells are not orientated, and "contraction" of a single epitheloid cell hardly results in a linear constriction which is in the same direction as that of the neighboring cell. It should be noted that surface indentation of nuclei-which have been regarded to indicate contraction in endothelial cells (MAJNO et al., 1969) or myofibroblasts (GABBIANI and MAJNO, 1972)-are not observed in our study, though the lumina of the helicine arteries were closed. It may be assumed that the lumina are simply collapsed.
This would indicate that helicine arteries are flexible and little rigid, though their wall is relatively thick.
The apparent discrepancy between the meager morphological indications for contractility (bundles of myofilaments) of the epitheloid cells and their rich adrenergic nerve supply remains as a further point for speculation.
A remarkably dense adrenergic network was also demonstrated histochemically in arterio-venous anastomoses (HENNINGSEN, 1969, glomerula caudalia; MOLYNEUX and MAYZE, 1973, anastomoses in the skin; IIJIMA and TAGAWA, 1976 , anastomoses in the rabbit ear). From these results, it can be deduced that an extraordinarily dense adrenergic supply is a criterion to identify arteriovenous anastomoses.
However, in the cases mentioned above epitheloid cells are of the ramified type which are relatively rich in myofila-ments (comp. Table 1), and it seems possible that contraction of these cells is modulated by an adrenergic stimulus.
Vascular epitheloid cells appear relatively uniform when observed in the light microscope. In contrast, electron microscopic studies have shown considerable heterogeneity of these cells. The series of morphological variations includes 1) the number and orientation of myofilaments, 2) the cell shape (from spindle form to ramified cells), and 3) the amount of cell organelles present. Results of fine structural studies are summarized in Table 1 .
Obviously, the term "epitheloid" is correct in cases where spindle-shaped or polygonal cells with a reduced number of myofilaments are found. In such cases the extracellular space in the epitheloid modified arterial wall is reduced to a minimum (e.g. helicine arteries, or the renal portal valve of birds). The extracellular room within the vascular wall as well as the cell surfaces increase with the formation of branched cell processes. The cell organelles for synthesis and secretion of proteins are best developed in less ramified smooth muscle cells. An extreme is reached in Table 1 epitheloid cells of the juxtaglomerular apparatus. In this particular case synthesis and secretion of renin has been established.
The number of epitheloid cells and the amount of granules within the juxtaglomerular epitheloid cells depend on the localization of the individual nephron in the kidney cortex; on the other side, however, considerable variations are observed. Combined morphometric and biochemical investigations were carried out to obtain information about species differences (e.g. rat and guinea pig), on the differentiation during the perinatal period, or during experimental conditions (bilateral adrenalectomy).
The data obtained suggests that renin is present within two different compartments: 1) in specific storage granules, as we as 2) in the cisternae of the rough endoplasmic reticulum (BRUHL et al., 1973; BRUHL, TAUGNER and FORSSMANN, 1974; PETER et al., 1974; PETER, LAZAR and GROSS, 1973; RIEDEL and BUCHER, 1967; SCHAECHTELIN and RIEDEL, 1966; SCHMIDT, TAUGNER and DENEREAZ, 1971) . Hyperfunctioning juxtaglomerular epitheloid cells after bilateral adrenalectomy causes increased renin content of the kidneys and increased plasma renin levels.
On the other hand, the number of specific granules decreases and the rough endoplasmic reticulum as well as the Golgi regions proliferate (PETER et al., 1974; PETER, LAZAR and GROSS, 1973; SZABO and DEVENYI; . Thus the amount of specific granules represents only a limited criterion of the activity of juxtaglomerular epitheloid cells. Consequently, the absence of secretion granules in other vascular epitheloid cells is no proof against secretory activity of these cells. Considering the pattern of cell organelles, in particular the display of the rough endoplasmic reticulum (c.f. Fig. 8 ) and Golgi regions, there is no evidence to definitely refute the concept that vascular epitheloid cells generally synthetize as yet unknown substances, though the hypothesis of acetylcholine secretion is no longer valid (STAUBESAND, 1974) .
Several morphological peculiarities indicate the relation of epitheloid cells to typical smooth muscle cells: bundles of myofilaments with dense patches and attachment zones, surface vesicles or caveolae at the cell surface, and the formation of a basal lamina. There are no signs of degeneration and, on the other hand, too few free ribosomes and too many definite cell organelles to consider them as myoblasts or any form of undifferentiated cells. Those epitheloid cells, indicated "ramified" in Table 1 , show striking similarities to pericytes, as suggested by STOUT (1935) , on the basis of light microscopic studies. GORGAS et al. (1977) referred to morphological similarities between ramified, dense "epitheloid" cells and pacemaker cells described in the ureter (DIXON and GOSLING, 1973) . Such an assumption fits well with the known rhythmical contractions of arterio-venous anastomoses in the dermis.
The above mentioned criteria of smooth muscle cells are also found in nonramified epitheloid cells poor in myofilaments.
Furthermore, the histological connection of these cells with typical smooth muscle cells of the arterial wall indicates that they are related to this tissue. This is also substantiated by the histochemical 5'-nucleotidase reaction which reveals differences between smooth muscle cells in the trabecular meshwork and those in the vascular wall. Both normal vascular smooth muscle cells and vascular epitheloid cells lack histochemically demonstrable 5'-nucleotidase activity. Comparable observations were done in the case of juxtaglomerular epitheloid cells in rats (BARBOLINI et al., 1971) .
The endothelium of helicine arteries strongly reacts for alkaline phosphatase activity, in contrast to the endothelial lining of the cavernous spaces and deep arteries.
The histochemical reaction is, therefore, useful to define the region of helicine arteries, together with other criteria such as the disappearance of an internal elastic lamella and the epitheloid modification of smooth muscle cells in the arterial wall.
Thongh capillaries in skeletal muscles also show a positive reaction for alkaline phosphatase, no fine structural similarities are observed between their endothelial cells and those outlining helicine arteries.
